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(54) Surface acoustic wave filter apparatus and communications apparatus 



(57) First through fourth longitudinally-coupled-res- 
onator-type SAW filter devices (1 01 -4) are formed on a 
piezoelectric substrate. Each SAW filter device includes 

three interdigital transducers (iDTs) (121-3/122,123, 
128) disposed in a SAW propagating direction, and re- 
flectors (124,125/126,127) disposed such that they 
sandwich the IDTs therebetween. The SAW filter devic- 
es are provided with a baianced-to-unbaianced input/ 
OLtjDut function. The reflectors (124-5) of the first and 
second SAW filter devices (101-2) are different from 
tnose (1 26-7) of the third and fourth SAW filter devices 
(126-7) in at least one of the number, the pitch, the duty 
ratio, and the thickness of the electrode fingers of the 
reflectors. 
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Description 

3ACK3RCLNC C- ~'-E \VE\~C\' 

[0001] ~he Dresen nve-^ticn -aiates :c a ^uCc^cq 
acCwSi.c wave .S!^\N'\ 'liter acpars:us. arc '^cre p&r:;c- 
^lariy. :c a SAW *; le'' accarai-s navirg a caiancec-tc- 
jrcaiancec ccrve''s;cn ''jpciicn ana 'having aifferen: .m- 
ceaance cr^aracie^'^siics ai an ncLt siae and an clicli 
sice 3f ire SAW ipparaius ~ne nveniicn aisc ^c-iaies 
:o a ccmmLinicaiicns accaratLs crcviaec with :ne 
ac:ve-aescr:bed SAW niter apparatus. 

2. I escription ot -he Reiatea An 

[0002] There has ceen significant techncicgicai 
prc-^ress in decreasing tt^e size and ihe weight of cort- 
abie ccmrrunicat.cns acoaratus. sucn as ceiluiar tele- 
fincnes. Cne means to achieve sucn progress is :c re- 
duce the number ana the size of the individua! compo- 
nents of comrrunicaticns apoaratus. Additionally, com- 
ponents having composite luncticns are being devel- 
oped. 

[0003] In view of this tackgrouna. researcn is being 
actively conducted on a SAW filter apparatus used in an 
RF stage provided with a balanced-to-unbalanced con- 
version function (sc-called "talun function"). Sucn SAW 
riite- apoaratuses are being mainly used in a global sys- 
tem for mobile communications (GSM) 
[0004] Generally in a communications apparatus an 
unbalanced signai having a characteristic impedance of 
5C U 13 used ''or a oortion from an antenna to a filter. For 
an amplifier, whicn is the subsequent stage cf the fitter, 
a balanced signal having an im.pedance of 150 to 200 

is usually used. 
[0005] As a SAW filter apparatus provided with a oal- 
jn • jrcticn for converting a 50 Q unt alancea signal into 
a ' tC <:;> to 200 balanced s*gnal, a SAW filter appara- 
tus which implennents an unoalanced input and a bal- 
anced output by using ^our SAW filter devices is dis- 
clcsed in. fcr e>:am:Cle. Japanese "unexamined f^^aient 
Application -uOiication No. 10-117123. The -onfigura- 
tior df the SAW 'ilter apparatus disclosed in this publi- 
caiicn ^s shown in Fig, 8. 

[0006] ^he SAW filter accaratus sncwn in F'g, 3 :n- 
ciuces two SAW fi tar units 511 and 512. The SAW niter 
un t 5' I s formed by cascade-con nectirg SAW filter de- 
vices cO" ana 502 navirg eaual onase cnarsciensTics. 
vvri-e *he SAW ^iiter unit 5*2 is ■ormec cy cascace-oor- 
nec:;n'5 SAW fitter devices 5C2 ana SO-i wncse trans- 
mission onase cnaracienstics are accut aC" cut of 
onase with eacr c:ner. ^i-e 'ncul terminals z\ the SAW 
'iite-' ^'^:i£ 5" " arc 5^2 are ccnrected ;p oaraiiei :g eac" 
twiner cy an ^ncaiancec terminal 505. wniie the cuicut 
terminals the SAW ^iiter -nits 5'" ana 5*; 2 are con- 
nectec n series to eacn other oy caianced terminals 506 



a-^c 5C7 

[0007] n tne SAW ';:ter apparatL.s provided w:in tne 
accve-aescncea baiarcea-tc--ncaianceG ncu'cutcut 
•'^r^cticr tne cuicuts '-c^ tne ca.arcsd te.^-- -^ais cCc 
^ a'^d 507 are ^sec as a d:~'ererce cetween t^e ca ar^cec 
term.nais 506 ar^c 507 .Acco-dingiy. tne maximum cut- 
Cui can ce octained wnen the eiecrrica; signais f-om tne 
caianced terminals 506 ana 507 are ' 50^ cu: c' cnase 
W'tn eacr oi^er ^onve^seiy. wnen the eiectncai signa;S 
Torn tne ca.ancc-d terminals 506 ana 507 are in cnase 
witn eacn ctner' 'ney canca: eacn other out. Acccraingiy. 
a nigger ieve: cf anenuaticn can ce obtained as tne twc 
e;ec:r;cat signais nave closer leveis. 
[0008] Tnus tne SAW filter apparatus s dosiraciy 
configured sc thc-i the outputs of the Dalanced term.inais 
506 and 507 are "80° out of phase with eacn ^ther :n 
tne pass oand. ana they a^e n pnase with eacn :ther in 
the stop band ;o:her than ine pass band). 
[0009] in :he SAW filter cioparatus cisclcsea ir, ..apa- 

^0 nese Unexam-ned ^atent Appiicaticn Pufclicat.on No. 
1 0-1 1 7123. 'cLr SAW filter devices are used, and f ^r in- 
verting the phase of one of the SAW niter devices, the 
directions Df tne comb-iike electrodes ;interaigitai trans- 
ducers: hereinafter simply referred to as "IC'Ts") are in- 

2.5 vertec with resoectto the SAW propagating diiecticn as 
the .symmetric a>:s, or the pitch between the ICTs of one 
or the SAW filter devices 511 and 512 is increasea by 
0 5a (wavelength). 

[0010] With this configuration. :he pnase characteris- 
^0 tics of the caianced terminals 506 and 507 are inverted 
in the pass band, while they are in phase with each other 
in a frequency band in which a SAW is not excited. 
[0011] In the aoove-configurec SAW filter apparatus, 
nowever^ spuiious responses are generated in a •-egicn 
■35 in the vicinity of the pass band cue to the excitation of 
a SAW, and tne ohase characteristics of the oa lanced 
terminais 506 and 507 in the region in wh:cli spurious 
responses are generated are disadvantagecusly invert- 
ed with each Dther. as in the pass oanc. Thus, .-sicnais 
-^0 output from the balanced terminals 506 and 507 do not 
cancel each other out, and the attenuation in the Ve- 
quency recicn otherthan the pass band is net sufficient. 

SOMMAR^' !jF the .NVENTiOr-. 

45 

[0012] Accordingly, ii is an ocjecT of the present nven- 
:icn to ore vide a SAW filter acparatus prcv;ced witn a 
oa anced-to-unoaianced inpuuc^^tput function e.<nicit- 
Ing nigh atteruation charactensrics even in a region 

50 near the oass oand. ana aisc *c croviae a conmunica- 
ticns accararus rciucing sucr a SAW -ilter apcaratus. 
[0013] m order :c achieve the accve cciect. according 
to one aspect of the oresert invention, there is crt^viced 
a SAW *i ter accaraius :n:;;uGin; a SAW "ite^ aevics 

55 rc----ed dn a ciezoe:ectr'c sucsirate. ~he SAW'iiter de- 
/:cs nc:Lces a plurality of D~s 'orm.ea n a SAW crcc- 
agating directicn. ana -eflecrors cisccsec for 'eflec:;ng 
the SAW orccagatlrg *.''om eacn cf the clural!^/ cf C~"s 
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to the ccrresDonaing IDT Tne SAW cevtce :s proviaea 
with a baiancea-to-unDaiancea conversion function. 
The struciure cf at least one of the reflectors is different 
f-onn the siructure of the other reflector. 
[0014] With this configuration^ by providing a Diurality 5 
cf 'D~s formed in the SAW propagating direction, a fii- 
tering function, which is determined by the conversion 
cerween the alectrical signal cf each iDT and the SAW, 
can oe exhibited in which the electrical signals in the 
pass band are allowed to pass with a low insertion loss 
and the electrical signals outside the pass band are sup- 
pressed. ;n acdition to the f Itering function, the SAW 
[Iter device is provided with the balanced-to-unbal- 
rr^nced conversion function ^he reflectors for reflecting 
the SAWs propagating fron-. the IDTs to the IDTs are also 
prov deafortheSAW filter cevice, thereby improving the 
conversion efficiency from the generated SAWs to the 
electrical signals. 

[0015] Additionally, the siructure of at least one of the 
'eflectors s cifferent from that cf the other reflector. 20 
'hus. the gener-ation of unwantea spurious responses 
'"1 a 'ogicn outs -de tne pass izand inc, in particular, in a 
"egion nea-^the pass band, cttn be suppressed, thereby 
Dbtaming a sufficient attenuation level. 
[0016] According to anotner aspect of the present in- 
vention, there is provided a SAW filter aoparatus inc:ud- 
.ng a first SAW filter device disposea on a piezoelectric 
-substrate and ncluding a plurality of IDTs formed in a 
SAW propagating direction, and ^erlectors disposed 
iuch that tney sandwich the plurality of IDTs therebe- 
tween. A second SAW filter -Jevice is disposed on the 
ciezceiectnc substrate anc includes a plurality of IDTs 
formed in a SAW propagating direction, and reflectors 
cispcsed such that they sandwich the plurality of IDTs 
tnerebetween. The transmission phase charactehstics ^5 
:f the second SAW filter device are '80° out of phase 
with -nose of The first SAW Miter device. An uncaianced 
terminal is used for electncally connecting one terminal 
jf the first SAW filter device n parallel to one terminal 
of the second SAW filter device. Balar.cea terminals are -^o 
■^sed for electrically connecting the other terminal of the 
' rst SAW filter device to the other termiinal of the second 
SAW filter device. The structure of the reflectors of the 
* rst SAW fiiter oevice 'S different from that of the reflec- 
tors of the second SAW filter device. 
[0017] in the aforementioned SAW fiiter apparatus, 
•ne ^'■ef lectors jT the first SAW -iiter oevice m.ay ce aiffer- 
'rnt from these of the seccnc SAW liter aevice in at least 
c ne cf the number, the pitch the autv ratio, anc the thick- 
ness of the electrode fingers of tne reflectors. ^0 
[0018] With this configuration, the structure cf at least 
cne cf the reflectors ;s different from that of the other 
-aflectcrs. 'hus. the generation of jnwantec sDurious 
■ esDcnses n a ''egion outside the cass oana ana, m oar- 
t:cuiar. n a "egicn near the cass oana, can oe sup- 
oressed, therecy easiiy octa ning a sufficient attenua- 
tion <evei even with one stage cf fiiter oevices. 
[001 9] Accoraing to stiil anotner ascec: of tne present 



invention, there is proviaed a SAW filter accaratus in- 
cluding first, seconc, and third SAW fiiter devices 
fcrmea on a piezoelectric substrate. Each of the f.rst, 
second, and third SAW filter devices :nciudes a plurality 
of iDTs formed in a SAW propagating direction, anc re- 
flectors oisposec such that they sandwicn the ciurality 
of IDTs therebetween. A fourth SAW filter device is 
'crmed on the piezoetectnc substrate and includes a 
oiurality of :D^s in a SAW oropagating direction, anc re- 
lectors disposed such that they sandwich the plurality 
3? iCTs therebetween. The transm.ssion phase cnarac- 
tcristics of the fourth SAW filter device are 180'- out of 
onase with those of the first, second, and third SAW filter 
devices. An unoalancea terminal is used for electrically 
connecting one terminal of a first group obtained by cas- 
cade-connecting the first and second SAW filter devices 
n parallc! to one terminal of a second group obtained 
oy cascaae-connecting the third and fourth SAW filter 
devices. Balanced terminals are used for electrically 
connecting -he other terminal of the first group in senes 
'c the oth€-r terminal of the second group. The st-'uctjre 
the reflectors of at least one oi the first througn fourth 
SAW filter devices is different from that of the reflectors 
of the other SAW filter devices 

[0020] With this configuration, by providing a plurality 
of stages of filter devices, a balanced-to-unbaiancea in- 
put/output function having different input/output imped- 
ances can be exhibited. By differentiating the structures 
of the reflectors, the generation of unwanted spurious 
•esponses in a region outside the pass band, in partic- 
jiar, in a reg:on near the pass band can be suppressed, 
and the attenuaton level can be further improved over 
that obtained by a SAW filter apparatus having a first 
stage of filter devices. 

[0021] In the aforementioned SAW fiiter apparatus, 

the structure of the reflectors cf the first group may be 
different from that of the reflectors of the second group. 
With this arrangement, the generation of unwanted sou- 
rious responses in a region outside the pass band, in 
particular n a region near the pass oand, can be reliably 
suppressed 

[0022] In the aforementioned SAW filter apparatus, 
the structures of the reflectors may be different among 
ihe first through fourth SAW filter devices in at least one 
of the numoor. the pitch, the duty ratio, and the thickness 
of electrode fingers of the reflectors. 
[0023] According to a further asoect cf the oreseni n- 
vention. there is provided a communications apcaratus 
including c ne of the above-described SAW fiiter acoa- 
ratuses. 

[0024] By using the SAW niter aooaratus having a low 
insertion lOss ;n the pass bana ana a hign attenuation 
level in a region outsiae the pass band, in oarticuiar, in 
a region lower than the oass bana. and exnibiting excel- 
lent transmission characienstics. tne communications 
aocaratus exnibits excellent ccm.municaiion character- 
istics. 

[0025] "'ne acove ana other ociecis. 'eatures. acvan- 
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:ages :^ :re cesert 'rveriic^ iVili cecc—s ciea^ ^^c-^ a 

'^e'^is :*"e^ecf g.ven cy way z^' exa^C'e wiir reference 
:c :re ..rxcc^canvirg araw ncs r vV"" cr 

[0026] 

.~:g. ' ;s a scnernaiic ci:agra.'T ■ilustra:ing a SAW ''ii- '^-^ 
:er acDaraiLs acccraing :c a :irs: encccifreni of :he 
ore-sent nverticn: 

Fig. 2 is a aiagram iiiustrating ineTrans.'nissior cnar- 
ac'.erisiics with rescect :c :r,e 'rec^ercy in :t.e SAW 
•'iitor apcaratus shewn in -'g. * : 
-ia. 3 is a aiagram illustrating the :nansmissicn char- 
ac:erisi!cs with respect :c :nc r'reoLer cy in a Known 
SAW filter apoaratLs: 

~ Q. -I IS -1 schemai c ,::iagram 'ilustra'jng a SAW 'W- 

:e'- appa-atus acccrcfng to second emccaiment -O 

o\ tne present invention; 

-■g. 5 is a schematic aiagram ;!lus:raiing a SAW fii- 
te'- apparatus according to a thirc embcaiment or 
the present 'nvention: 

i-ig 5 :s a schematic diagrari^. iitus:raiing a SAW fil- 25 
ter apparatus accotding lo a fourh embodiment of 
the present invention; 

Fig 7 is a block Diagram schematically illustrating 
a communications apparatus according to a fifth 
embodiment of the oresent invention and -50 
Fig S is a schematic diagram illustrating a known 
Sa\W filter apoaratus. 

DESCRIPTION OF THE PREFEHREC 

EMBODIMENTS 35 

[0027] The present .nvention is described ;n detail be- 
low with reference to Figs, 1 to 7 through illustration of 
preferred embCitJiments, 

[0028] '.^ a SAW filter aoparatjs constructed m ac- -^o 
cordance with a ;irst embcdinent of tne c resent inven- 
tion, as shown ir Fig. 1 first through fouah SAW filter 
devices ^■C- rh-ci.gh ^04 are fcmied on a piezoeiecrnc 
£cJC3rr-n:9. The :ransm Scicn pnasc cnaractenstics of the 
fourth SAW fiite-- device Mj4 are substantially 1 8C° cut -^5 
of cnase witn :hcse of tne thirc SAW "liter device 1C5. 
T-^e piezoeiecric su est rate is not shown :n ~ig. ' 
[0029] The 'irst SAW niter device ^C" has three IDTs 
^22. "1^. ^nc '22 "he C~s eacn nave a ^tnp-'iKe case 
portion ibus oar) and two aiectrcae c^oriicns crovidec! 
wiin a 0 uraiiiy strx-!ike eiecircce fingers. The eiec- 
:-rzce ''Irgei-s sxronc crthcgcraiy Ton ere sice cf the 
case ccTicn sucn :nar :ney are carailei to eacn otner. 
"'■'^e eiecr^oce "ingers aisc Tte^aigitate w.r eacn ether 
sucn thai *he siaes tnereof 'ace eacn otner 55 
[0030] r the aocve-ccnfiqurec .C~s. the s:gnai con- 
';e'-s;c^ c^aracTs-stiCs a-'C f^e cass care r ctne^ 
woras. :re canas otner tran tne cass oana; can ce de- 



te^'^jrec cy setting tne engt:^ arc t.'^e wet" of eacn 
e ecircce "^.""ge''. tne ciicn cetween aciacent eiect'coe 
'i'^gers anc: the iencth cy vvnic" nterdig'tatec eiecfcce 
•'•-^gers *"ace eacn ct.^er '-^.ere:^ after ^e'er-az tc .as t-e 
'intercigitai ength''^ 

[0031] -"-e D~s *23 -2' anc ^22 c^re Cisccsec cn 
'se p:ezce ectnc s^cstrate sc tnat f^e eiectrcce :' ngers 
exiena orrnogonai 'o the SAW crccacaTinc cirecricn 
r-na aiso the ;D^s 122. "2"! . anc ^22 a-e cisccsec n th:s 
:rcer r, acccraance wftn the SAW crccaganng airec- 
*;c n. "^■'^e central DT"2" ^nciuces a signal eiectrcce ':n- 
ger 1 2" a ccnnectec tc an jncaiancac terminal T' anc 
n ground eiectroae finger 12'b. The ;CT ';22 inciuces a 
cignai eiectroae '.nger 1 22a anc a ;rcu^G eiectroae 'in- 
gcr " 22c. The :DT 1 23 induces a signal eiectrcce *inger 
'23a anc a ground eiectrcce finger ■23b. 
[0032] n tne Irs: SAW filter device 1 0" "efiectC'S '2-^ 
c.nd 125 are disposea aicng the SAW orcpagating di- 
;ec:ion sucn that they sanawich the :DTs '23. ^'2^ ana 
^22 ihe^ebeiween The reilectors 12^- ana '25 have the 
function or reflecting a cropagating SAW thereon and 
.•eflecting back the SAW to the crigma oosition. 
[0033] Accordingly, the reflector 1 24 s disposed in the 
SAW propagating airecTion oopcsite to tne IDT 121 
aci-oss the IDT 122, wnile the ref ector "25 is disposed 
in the SAW propagating direction oppcf ite to tne iDT 
^21 across the IDT 123. 

[0034] Each of the reflectors 124 and 125 includes a 
pair of £tnp-!ike base portions (bus bars; and a plurality 
c' electrode fingers extending fromi one ii ice of each or 
tne base portions on the piezoelectric substrate The 
e GCtroGG fingers extend parallel with eacn other and ex- 
tend in the direction orthogonal to tne lonqitjainal direc- 
hon of the case oortions so as tc interconnect the two 
base portions 

[0035] W'th this conliguration. the reflectcs 124 and 
125 are excited by the propagating SAW, and a SAW 
cenerateo by the excitation electrical sigr ai cancels the 
prcpagating SAW The -eflectcrs t24 anc 125 also gen- 
erate a SAW in the opposite direction to tne SAW proo- 
agating direction That is, the reflectors "!24 and '25 re- 
flect the propagating SAW in a pseuco manner 
[0036] T'-'e second SAW filter aevca ^02 has the 
Srime amplituae charactenstics and the phase cha.^ac- 
toristics as chose of the first SAW -ilter device 1C1 . 
[0037] ^ne sec ona SAW filter device ' 02 is disoosea 
sc that the SAW cropacating airection 'nereof s. sub- 
stantially oarallel to that cf theffrst SAW filter cevice ^ 01 
ana tnat tne second SAW filter cevice " C2 s sy.mmetr - 
cal tc the first SAW filter device 1C1 with -esoecr to the 
acove-aescribed SAW c.^ocagating Cirecticn, 
[0038] With this arrangement, tne rst SAW ' Iter ae- 
vce '0^ ana the seconc SAW filter cevice ' C2 can ce 
ccs:t:cnec n cicse c^cxmity wtn eacn -.iner arc tne 
cjrrecT.cr thereof can ce simciifiec. therecy cecreas- 
ng the size of the 'liters. 

[0039] r :ne acove-c cn-'igLrec seconc SAW -'-.iter- ce- 
vice ".02. Signal eiectroae 'incers ■22a ana ^23a are 
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connected to the signal electroae fingers 122a and 
123a, respeciively, of tne first SAW 'ilter cevice 1 01 . and 
tnus. the first and seconc SAW filters 101 and 102 can 
be cascade-connected. A signal electrode nnger 121a 
cf the centra: iCT ^21 of the seconc SAW filter device 

102 is connected to one balancea terminal 112 
[0040] ^he configuration of the thirc SAW filter device 

103 IS similar to that of the first SAW filter device 1C1, 
except :hat "eflectors 126 and 127 which are configured 
Gifferenily from the reflectors 124 and 125 are used (for 
examole, the number of electroae fingers are cifferent). 
[0041] :t IS preferaole that the ihird SAW filter device 
1 03 is disposed on the SAW propagation path of the first 
SAW filler device 1C1 and in series to the SAW propa- 
gating airection of the first SAW filter device 1 CV In the 
first SAW filter device 101, the -eflectors 124 and 125 
are disposed such that they sandwich the IDTs 1 22, 121, 
and 1 22 therebetween, and in the thirc SAW filter device 
103, the reflectors 126 and 127 are disposed such that 
they sandwich the DTs 122. 12i and 123 :herebe- 
tween. Accordingly, the interference c: the SAWs be- 
tween the -'irst and third SAW fittu--" devices 1 01 and 1 03 
can be prevented. 

[0042] With this arrangement, ihe third SAW filter de- 
vice 103 can be disposed m ser es to :he fir'st SAW filter 
device 01 and the size of the resulting SAW apoaratus 
can be reduced compared to a SAW apparatus in whicn 
SAW tHter devices are disposed outside the SAW orop- 
aqaticn path. 

[0043] The configuration of the fourth SAW fiiter de- 
v-ce ''04 i.3 similar to that of the 'hird SAW filter device 
103. exceot that a central IDT 12B which is 130" out -li 
prase with the central IDT 121 of the thira SAW filte-- 
device 1 03 is used. 

[0044] Signal electrode fingers 122a and 123a of the 
fc jrth SAW filter device 1 04 are respectively connected 
to the signal electrode fingers 122arind 1 23a of the third 
SAW f-iter device 1 03. A signal e:ec:rode ■ nger 128a 
the iDT 128 of the fourth SAW 'i.ter cevice 104 is con- 
nectea :o =he other balanced terminal 113 
[0045] 'he fourth SAW filler device 10^ is aisposed 
\n close proximity witn the tnird SAW fi.ter :evic:3 " 03 so 
that the SAW propagation directions oeccme substan- 
tially parallel with each other. The SAW propagatmg ai- 
rcctior 3f the fourth SAW filter cev.ce 104 may be on 
the SAW propagation path of the second cAV\/ filter de- 
vice ' C2. With this configuration, the size ci the resulting 
SAW f.lter apparatus can be further reduced. 
[0046] Examples of the specific c:nfiguraticns of the 
first througn fourth SAW filter aevices 101 tnrcugh 104 
are as follows. 

~ne ccnfiguraiicn of the first SAV\I 'i ter cevice 1 0' :s: 

Tiierc.gitai engih W: ^25 urn.: 

^umcer of pairs of electrode 'in-^ers o: second ;C~ 

numcer of pairs of electrode fin gers of nrst .CT 20; 
-^umcer of oa.rs of eiecrrcae 'ingers of third "5. 



iDT pitcn PI: 2.25 am: 
duty ,^atiO (electroae coverage) wp- 0.7C: 
number of electroae 'ingers of reflecior NR: 90- 
reflector pitcn PR: 2.30 um: and 
5 ihicKness cf refiecior 370 nm. 

The configuration 01 the second SAW filter device 1 02 is: 

interdigital length W: 125 am; 
10 number of pairs of electrode fingers of second IDT: 

15; 

number of pairs of eiecrroae fingers cf first .DT: 20; 
number of pairs of electrode fingers of third IDT; "5: 
iDT pitcn PI 2.25 u.m: 
15 duty ratio (electrode coverage) UP: 0.70: 

number of electroae fingers of reflector NR; 90: 
reflector oltch PR: 2.30 um; and 
thickness of ref ector: 370 nm. 

20 The configuration oi the third SAW filter device 1 03 is: 

interd gitai leng:h W: 125 am.. 

number of pairs of electrode fingers of second IDT: 

15; 

25 number of pairs of eiectfode fingers cf first IDT: 20; 

number of pairs of electrode fingers of third IDT: 15; 
IDT pitch P!: 2.25 am; 
duty ratio (electrode coverage) L^P: 0,70; 
number of etectrode fingers of reflector NR; 73: 
30 reflector pitch PR: 2.30 am: and 

thickness of reflector: 370 nm. 

The configuration of the fourth SAW filter device 1 04 is: 

35 interdigital length W: 125 am; 

number cf pairs of electrode fingers of second iDT: 
15; 

.numoer cf pairs of electrode ringers of first rDT 2C: 
number of pairs of eiectroae fingers of tnird iDT: 15; 
40 IDT Ditch Pi: 2.25 am 

duty ratio (electrode coverage) UP: 0.70; 
number cf electrode f ngers of reflector NR: 73: 
reflector pitcn FR: 2. GO um: and 
thickness of reflector: 370 nm. 

-15 

[0047] The above-described first through fourth SAW 
filter devices ' 01 through 1 04 are formed on, for exam- 
ple, a LiTa03 piezoelecthc substrate. However the pie- 
zoelectric substrate is rot restricted to the above type. 

50 in tne aDove-descr bed specific configurations of tne 
SAWfiiter tievices, tne first ICT indicates the central ICT. 
for example, the iCT 121 . anc the second and thira DTs 
are ID"^s disposed across the central IDT. ^or examoie. 
the ;DTs '22 anc i 23. 

55 [0048] ^he central :CT ^23 of the 'ourrh SAWfiiter de- 
vice " C-i s nverec to the cantrai D~s '2' of the 'irst 
through tnird SAW -liter aevices '01 inrougn '03. Ac- 
cordingly the transm.issicn onase cnaracteristics of tne 
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'z^'~s SAW ;tef zev ce " C- are dcc^i ' 50^ Cl^: c^ase 
w ::: :^cse 2' T.e ' rs: :r-rcjg'^ trir:: SAW 'iiter cevces 

[0049] A 'i-s: SAW 'ii:er c;rc;.c rc-sist.rg :ne '::s: 
^^c: secede SAW '-.te:- 2e\- ces " Z' arz ' 02 s c: ^'c-re": ^ 

n secede SAW ' ,*or g-c^c c:r-s.s:.^q :ne ::^,-c: 
a.nc 'c^ror SAW 'iiter ijevicas "05 ana 'C4 r the s:rLc- 
:^res cr :re ^ef;ec:crs. -or :~\a^.c\C:. :he -^TCtsr of e.eo- 
t-cde Ingers cf :re -e^lecrcrs "2^ -.re '25 are differen 
'rcrr^ T.cse of :r:e -efiectcrs '26 arc '27. '^ 
[0050] C'\y a 'ew cairs :f e:ec:xGe *' rgers ct eacr 
2~ and a 'ew aieciroce ' rgeri jf eacn -eriecior are 
sncwn ;n - g. ' since ai! of -.ne-r cannct i::e srown. 
[0051] cnaracte-siics "he SAW :..ter accarat^s 

of :he firs: -imccGir^.eni are sncwr ;n ~:c. 2, :n :re nrs: 
emccdimert. :.'^e characteristics. \r part cuiar. :he arten- 
uaticn a: :he -ange ;cvver :nan t-.t pass band, a.'-e ;n> 
croved iver thai of a krowp SAW .-.coa'-arus having the 
cnarac:er:s:ics snown n F'g 3, 

[0052] in ine first omDccimert sjbstaniially equal 
:ransrnisscr cnaracte-isiics .vithn - he s:c c bands ct the 
reflectors '24 ana 125 ar-e oLtainea anong the first 
thro-jch :hircj SAW filter devices 'Ct through ^C3. 
[0053] In ihe fourth SAW Miter dev ce 104. iransmis- 
sion cna^acter sties wrhin tre stcc bands o*' the reflec- -5 
tors 126 and 127 are cbtamec si.cn that ohase charac- 
teristics are substantially 180"' out of pnase with those 
of the first through third SAW filter jevicos 10i tnrougn 
'03 and that amp itude oharr-xter'sucs aro substantially 
the same as these of the f.rst through thira SAW filter 30 
devices 10" through 103. 

[0054] By connecting the .i^cove oescrited nrst 
througr fou th SAW^iite- dev ces ' CI .1 02. 103 and 1 04 
as described ^n the f rst er-ibCfCin^ent. s;gnals whose 
pnase craractenstics a^-e '.r-C cui of pnase with eacn ^5 
otner are .rpu: into the 0Lt::ut balanced *ermirais 1-2^ 
and 1'3, -s thus possible *o provde a SAW filter ac- 
paratus ravng an unbalanced input terminal (having an 
!mpecanc3 of. 'cr examcle. cC Q': and calanced output 
terminals ; having an nricecance c' "c example, 2C0£'^). -^o 
[0055] In the fourth SAW filter device 1 oa^ by -nverting 
tne oirectior cfthe ;DT '28 wh:cr e<c-tes a SAW to that 
of the "D^s 121 0* the first through thir::i SAW filter de- 
vices -r V - no. and ^ C3 wit- -escect tc tre SAW orop- 
agating cirection as the symimetric axis, the rransmis- -^5 
sicn o-ase cnaractehstics of :he fourth SAW filter device 
'Cd are cnangeo. ~hu3^ t a reg.or :n yvnicr a SAW 's 
not e;'C!teo t-^e transmission cnaracter'st:cs cf the 
^o^nh BAW ter ::evice " oa are •'^e same as these 
tne f'rst thrc.ugh third SAVy niter ::2evfces -01 through 50 
" 03. As a -esi; • . ^n-cn&ce afectr'C:a signa s outout 'xm 
tne oaiancet: terminals 1 '2 ana "3 cancel each other 
out. thereoy octatning a -^igr eve of anenuaiicr. 
[0056] E; rr ::L^tSiCe tne 3-:o car :is :i the 'ef-ectzri 
t:^ere s a '"ec^ency 'ange -ear ^re cass care r wnic 
a SAW s 3-:o;tec:. ~ne transmiss.on craracter-siics or 
7^;S Tec-ency -ance are ^eter-^-rned cy the '^^m.cer the 
outy 'ai:o ■ eiectroce ooverace:. the citcn. a.'^c t:^e thicK- 



-^ess of tne eteotroce ' ngers of tre ^eneotors. Acocro- 
r^giy f t^e structures of tne -efiectcr's are tre sa^e 
amcg tne nrs: t^-CLg-^ 'c^rth SAW 'jte- oevices -C" 
trrcjgr '0^: tre sigrais octaineo at tr^e cutout term:na s 
a-e o^t of erase w;tr eac-^ of^er" as tre oass ca-^c. 
^"us a Su**;cierit evei of ar.or^^ai.zr zar.nci oe oc- 
tainea. 

[0057] Accorcing to the firs: emccoiment. rowever. 
the numcer 3f eiectrode "'■ngers of the ^e'^ectors s cif- 
'ereniiaiec oetweer the "efiectcrs ' 2-i arc '25 c' tne 
'irst arc sec one SAW niter aevices ana 'C2 ana tne 
--eilectcrs '25 and 127 of the thirc arc 'outh SAW 'liter 
aevices 1 03 ana "! 04. Thus, in the region .the.-- tnan the 
stcD canes Df the reflectors, ;n cartic^ a.'t r the f.^ecuen- 
cy .'■ange lower than the pass band the cnase cnarac- 
tenstics cf the electrical signal are changed. 
[0058] With tnis configuration, the e:ectr cal oigra.s at 
the balanced terminals are 'n phase witn each other 
ever in a *rr.auercy ''ange near the c.iss itanc. therecy 
achieving a sufficient level of attenuat on cy utilizing the 
cancellation effect of the .signals. Instoac nf differentiat- 
.ng the numi^er or electroae fingers of the -eflectors be- 
tween the SAW filter devices the outy ratio (eiectroce 
coverage), ihe pitch, or the thickness of the reflectors 
can be changed between the SAW filte*- devices. =n 
which case, advantages similar to those of the first em- 
bodiment can be obtained. 

[0059] As one means to imcrove the attenuation by 
tJifferentiatinq the structure of the reflectors, Japanese 
•Jnexaminec* Patent Application ^ubiicat.on No, 
7-131291 discloses cascade-connected SAW filter de~ 

vices in which the oitch or the number of electrode fir- 
gers of the reflecrcrs is changed benA/een the Irst ana 
second stages of the filters. 

[0060] In the above pubficarion the attenuation evel 
is increased in view of the amplitude charactenstscs by 
Clanging the spurious freauency betweer the first ana 
second stages. According to the present invention, how- 
over by utin.-'ng the characteristics oi a balanced filter 
n which electrical signals having equai amp:itude cha-- 
acterlstics and a phase difference of 180" at the bat- 
r^nced terminals cancel each ether out. the attenjation 
ievel IS improvea. Tnus, tne princ pie jf the present n- 
venticn is totaily different from that of the above cjci.- 
caticn. 

[0061] A SAW filter apcaratus cons;ructeG ;r accorc- 
ance with a secc no embcciment oi the o resent :nveriticn 
;3 aescribed below with reference to Fig. 4. In the seco.-d 
emfccaimeni the compcnenTs having ''unctions similar 
to those of the fi^st embodiment are cesignated with liKe 
-aference numerals ana an excianaticn thereof :3 thus 
emitted. 

[0062] 're SAW 'liter accaraius of tre secora err- 
ocaime-^t rc:uaes *'irsT through 'ourh SAW *;iter oevcas 
20' througr 20^ on a ciezoeiectr'c sucstr-ate. r t:^:s 
SAW 'iitar acca^aius, a C5ntrai :D~ 22B of the seccnc 
SAW -iiter oevice 202 s ^nvertec "eiaiive to cerir-ai [0~s 
22- of t^e nrst. tnra. ana 'ourth SAW 'iiter oev^ces 20' 
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203. anc 204. in Fig. 4, the piezoelectric substrate is net 
snown 

[0063] in tne seconc embcainnent^ me nun^cer cf 
eiectroae fingers of the centr&l iDTs of '.he nrst througn 
-'ourrh SAW 'liter devicas 201 through 204 is set to an 
even nurnoer. With this configuration, as in the configu- 
.-aticn of the firs: embodinent the output temiinais 112 
and 113 serve as balanced terminals. The structure cf 
tne reflectors 124 and "25 of -he first and second SAW 
Mter devices 201 and 202 is different from that of the 
reflectors 126 and 127 of the third and fourth SAW filter 
aevices 203 and 204. For example, the number of eiec- 
ti-ode fingers of the reflectors is different between the 
f.rst and secona SAW fiiter devices 201 and 202 and the 
third ana fourth SAW filter devices 203 ana 204. Wit:i 
this configuration, the phase characteristics ^n the fre- 
Guency range otherthan the pass band can be changed 
between the first and second SAW filters 201 and 202 
and the :hirG and fourth SAW riiters 203 arc 20-1. It is 
thus possible to obtain a sufficient level of aitenuation 
by utilizing the canceilatior. of siectncal signals at thf; 
balancecj terminals 112 and V2. 

[0064] A descnpiicr s -ow given of a SAW niter ac- 
paratus constructed in accorciance with a third embod- 
iment of the oresent invention with reference to Fig. 5 
The SAW filter apparatus of :he third embodim:ent in- 
cludes first and second SAW f-lter devices 301 and 302 
on a pie^'oelectric substrai-j. 

[0065] The transmission phase characteristics of the 
second SAW filter device 302 are substantially 1 80° out 
of phase with those of the first SAW filter covice 301 
This is because a central DT 328 of the second SAW 

filter device 302 is Inverted relative to the central IDT 
121 of the first SAW fi'ter device 301 . 
[0066] The piezoeleciric substrate is rot shown in Fig. 
5. The components having functions similar :o those ot 
the first embodiment are indicated by like ref<;^ence nu- 
merals, r.na an explanatior thereof is thus emitted, 
■^he configuration of the first SAW filter device 301 is; 

interdigitai length W: 115 am: 

numcer Df pairs of electrode lingers of secona !C~ 
12; 

numoer jf pairs ot eiectroae fingers of first ICT: 1 /■ 

numoer of pairs of electrode fingers of thii'd IDT: 12; 

:DT oitch PI. 2,10 urn: 

duty ratio (electrode coverage) _>'P: 0.72, 

numoer :f eiectrcde 'ingers of reflector ^jR; 90- 

reflector pitch PR: 2.15 an; anc 

thickness of re'lecror: 345 nm. 

The configuration cf the second SAWfilter aevica 302 :3; 

interaigitai ;ength W: 1 '5 am: 

numoer of cairs of eiecircae fi.^-:gers jf seconc C^: 
1 2: 

numcer of cairs or eiectroce -ingers of Irs: \C~ '7 
numcer of cairs of eiectroce 'ingers of trirc: ,DT: "2: 



• DT pitcn P!: 2.10 urn: 
duty ratio ; eiectroae coverage) l F: O.^^O: 
number of eiectroce fingers of reflectc NR: 73: 
reflector pitch PR: 2.15 am: and 
5 thickness cf reflector: 345 nm:. 

A LiTaCW substrate is used as the piezoelectric sub- 
strate. 

[0067] According to the third embodiment, the trans- 

'C? mission character sties having a phase cifference of 
130° anc substaniially equal amolitude characteristics 
m the stop bands of the reflectors cetween :ne first ana 
second SAW filter devices 301 and 302 are obtained 
[0068] By connecting the first and second SAW filter 

73 devices 301 and 302 as in the third emoodiment, .t is 
possible to obtain a SAW filter apparatus in wnich the 
input terminal sen/es as an unbalanced terminal, and 
the output terminals serve as balanced terminals. 
[0069] There is a frequencv range near the pass band 

'20 and outside the stop bands of the reflectors in which a 
SAW is e:xcited. ^he transmission characteristics :^f :h!3 
frequency range are ceierminedby the number, thecuiy 
ratio (electrode coverage), the pitch, and thickness of 
electrode fingers of the reflectors. 

25 [0070] Accordingly, if the structures of the refleciors 
are equai between the first and second SAW filter de- 
vices 301 and 302, the phase characteristics of the eiec- 
trica! signals at the balanced terminals are nverted as 
in the pass band, thereby failing to obtain a sufficient 

30 level of attenuation. 

[0071] :n the third embodiment, by differentiating the 
number cf electrode fingers of the reflectors, between 
the first and second SAW filter devices 301 and 302. the 
phase characteristics of the electrical signal in a fre- 

35 quency range other than the stop bands, in part.cular 
in a range lower than the pass band, are changed. Thus, 
the electrical signals at the balanced terminals cancel 
each otfier out, thereby achieving a sufficient level of 
attenuation even in the region in tne vicinity of the pass 

-^0 band. 

[0072] A SAW filter apparatus construcrea in accord- 
ance with a 'curth embodiment of the present invention 

is discussed below with reference to Fig, 6, in the fourth 
emcodimeni. first and second SAW fiiter cevices 401 
and 402 are similar to the first and secona SAW filter 
devices 301 ana 302 of the third emcodiment. In the 
fourth embodiment, a SAW resonator 403 is connectea 
to each of the incut terminals and the output terminals 
of the first and second SAW fiiter devices 401 and 402. 
^0 The configuration of the SAW resonators -^03 is: 

interdigitai :ength W: 80 am: 
number cf cairs of eiectrode ^'ingers of DT: 30: 
iDT pitcn PI: 2.1 0 am; 
55 Duty ''atic ^ eiectroce coverage) ^ P C.c.5: 

•^umcer of eiectroae "ingers of reflector .'mP: 30: ana 
reflector oitcn ^R: 2."0 am. 
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A s^cs:ra:e s jsec as :re c\ezoe\ec:r:c SuC- 

[0073] '."^e SAW 'iiter accaraiLS of r'^e *CLnh er"- 
ccc;^.e^:. cy czr.rezi::-^ :re SAW ^esc ''.aicrs -30 :o :re 
' rs: arc seccrc SAW aevicss -0" arc -02 ,30" ^ 
anc 3C2'- as s.^cvvr - g. c a::e'"La:i:n " a re^icr 
::ner :nar :ne cass cane car ce n^crcve-u. 
[0074] n :re "cur:" emcccineri. :.'-e SAW ''iter acca- 
-atus s cctaired cy aGcirg the SAW -escnaicrs -J-CS tc 
t.-^e :rirc emcccimenT. As in :r,e :rirc emccGirren:, :he 'O 
erase cnaracter:s:;cs cf eieciricai s.grai n a "egicn 
jiherinan Z'^.e sicc canas. r carjCL ar ,r a range ewer 
tran tne cass banc, are cnangea, a^d :he canceilation 
effect 3f the electrical signais a: :ne i:aiancec termnais 
is ennanced. therecy octaining 3. nign .evel of attenua- 
::cn. 

[0075] AcGiticnaily, n :he fcunh emccai.'Tient the 
SAW resonators 403 have a resc ranee cOrPt in rhe cass 
cand. anc have an a'^:iirescnarce co nt :n :ne region :}th- 
er than the pass band, thereby effec:ivefy improving the ~o 
auenuaticn in a soecific frequency range witncLt in- 
creasing the in-banG loss. 

[0076] Althojgh r the foregclrig embodiments a clu- 

rality Df SAW filter dt?vices are used, only a single SAW 
fi.ter device, for example, the 'ourth SAW filter device -25 
104 may be used in this case, as r [he 'oregcing em- 
bodiment, a Dalanced-to-unbalanced conversion lunc- 
t:on is provided, and the structures of the reflectors are 
differentiated as discussed acove. Then the spurious 
level can be reduced. 30 
[0077] AGdit:onatiy, for inverting the phase of at least 
one of the SAW filter devices tc the phases of the other 
SAW filter devices 'he cirecticn jne central 10"^ is 
inverted. However, tne pitch between certain IDTs may 
be changed from f.he pitches of the other IDTs by acout 35 
u 5 k ! wavelength) so that the corresccncing SAW filter 
device may be set 1 80" out of phase with the other SAW 
filter devices. 

[0078] In the afcrementionea enioodiments the input 
terminal is used as the unbalanced terminaL anc the -^o 
outDut terminals are used as the balanced terminals. 
However, the input terminals may serve as the balanced 
termirais, and the cLtout terminal mav senye as the jn- 
oalanced terminal 

[0079] A descriction is now given, with reference to -^5 
-:g. 7, a communications apoaratus accoraing to a fifth 

embcaiment o' the c'esent invention using the SAW fil- 
:8r accaratus cf one of the r rst tnrc L,gh fourth emccdi- 
ments 

[0080] in a communications accaratus 600 as snown 
n -ig. 7. a receive" Rx) :nc!uces an antenna 60V an 

antenna Gucie;<er'=. r too ^iiter 602. an amciifier 503. an 
section "'iite- 60^. a -^ixe- 605. a 'irsi .F ''iiter 606. a 
mixer 607 a £e::onG . F 'iiter 508. a tirst-anc-seconG-sig- 
'"a; cca! synirssize^ z'" a :em.cerat^''e ocmcensatec — 
cn/stai osciiiaicr :~C.<3 ; 6' 2. a civicer 5 ■ 3. ana a lOcai 
'ite^' c 

[0081] As ncicatec cy :wc ^nes cetween tne Rx sec- 



tic: 'iite^ 60^ anc tne -^ixer 305 snown r ~-g. 7 :\vc 
ca.ance-z s.gr.a s are creferac.y transmittec ^^cm tne =*x 
section 'ilter 304 :c the mixer 505 n oraer tc maintain 
t.'^e ca:ance caracter-s: cs 

[0082] ^ t.'^e ccmm^nicarons accaratus 50C at.'-a-^s- 
--liter ,^x^ nci^ces t-^e antenna 60^ t'^e a^ts^na ju- 
c exer Rr tec iter 602. a F liter 62": a'^ixe^622. 
a 'x section - iiter 623. an amplifier 624. a ccupier 625. 
a- .sCiatcr 525 anc an autcmatic ccwer control APC ■ 
Gevice 627 ~ne antenna 60- anc tne antenna CLciexer/ 
RF toe lite^ 602 are snarea cy tne ''eceiver ; Rx"; ana f^e 
transmitter .;T.<;. 

[0083] The SAW::!ter apparatus cf any one of the 'Tst 

througn fourth embociments is sjitaciy usee as the Rx 
section filter 604 tr^e first ^F filter 306, the ^x iF -liter 
621 . and the section *iiier 62G. 
[0084] Tne SAW filter apparatus of the present nven- 
tion is provided with not only a filtering function, but also 
a caianced-tC'^jnbaianced c::nvGrsion function, ana al- 
so exhibits a nigh level of attenuation in a region other 
than the pass cand. in particular, In a range :cwer than 
the pass bana. 1 hus, according to the communicaijons 
apparatus inc-uding the above-descr bed SAW filte- ao- 
caratus having a composite function, the numcer cf 
com.ponents cf the communications aocaratus can be 
reGuced. and accordingly, the size of the overall com- 
munications apparatus can be decreased. The trans- 
mission characteristics (communications characteris- 
tics) can also be improvea 

[0085] Although the present invention has been de- 
scribed above with refe.'-ence to certain presently-pre- 
ferred embodiments thereof, it is to oe understood that 
modifications can be made without departing from the 
invention as dennec in the accompanying claims. 

Claims 

1. A surface acoustic wave filter apparatus compris- 
ing: 

a surface acoustic wave 'ilter device ("O^i 
formec :n a cici:ceiectrc substrate, saic sur 
'ace accusiic wave filter device inciuding: 

a ciuraiity of interG:gitai transaucers 

' " 22 . 1 23, ' 28) 'crmed ;n a cirecticn r. 
wnic r asi:nace acoustic wave procagates 
ana 

r*ef lectcrs ■■ 25.1 27 ■ aisccsea for ''eflectinc 
tne surface acoustic wave crccagaiirg 
Torn eacn of the ciuraiity of ^nteroigita: 
iransjuce-s tc the ocrresconcir g iniercig- 
iai f'ansGucer saic surface acoustic wave 
cevico ceir^g orovcea w^tn a caiancec-to- 
^ncaiancsG conversion 'unctior. 

-.vnerein the structure of at east one ".25'. of 
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the efiectors is different from the structure of the 
other reflector (127). 

A surface acoustic wave filter apparatus compris- 
ing: 5 

a iirst sL^rface acoustic wave filter device (501) 
aisposed on a piezoelectric substrate and in- 
cluding a plurality of interdigitai transducers 
121-123) formed in a direction in which a sur- io 
"ace acoustic wave crcpagates and reflectors 
■ i:'4-cj disposed such that they sandwich the 
plurality of interdigita- transducers tnerebe- 
tween; 

a decond surface acoustic wave filter device 13 
(302) disposed on the piezoelectric substrate 
and including a oiurallty of interdigitai transduc- 
ers (122, 123,328) formed in a direction in which 
a surlace acoustic wave propagates, and re- 
flectors ("26,127) disposed such that they 20 
sandwch the piurality of interdigitai transduc- 
ors ther-^oetween, transmission phase charac- 
teristics of said second surface acoustic wave 
ff.ter dev'ce ;'3C2) being " 80° out of phase with 
transmission phase characteristics of said first 25 
surface acoustic wave filter device (301); 
an unbalanced terminal (111) for electrically 
cDrnecting one terminal of said first surface 
acoushc wave filter device in parallel to one ter- 
mir.a) of said second surface acoustic wave fil- 30 
ter device; and 

balancec terminals .; 1^2, 11 3) for electrically 
connecting the other terminal of said first sur- 
face acoustic wave filter device to the other ter- 
minal of said second surace acoustic wave fil- 35 
ter device, 

wherein the structura ot the rerlectors (1 24-5) 5. 
of said first surface acoustic wave filter aevice (301 ) 
is different from the structure or the reflectors -^o 
(126-7) of said second surface acoustic wave filter 
device •, 302) 

A surface acoustic wave ■liter apparatus according 
to claim 2, wherein the reflectors (1 24-5) of said first 
surface acoustic wave filter device (301) are differ- 
ent from, the reflectors (126-7) of said second sur- 
face accust.c wave filter device (302"': in at least one 
of the numDer the pitch, the cuty ra:io. and the thick- 
ness of electrode fingers of ihe reflectors. 

A surface acoustic wave filter appa^a^us compris- 7. 
Ing: 

■irsi. seconc. ard third surface acoustic wave 
'liter aevicas ^ 01 -3) 'crmed = piezoeiectric 
suDsirate. each of saia nrsi. second, and third 
surface acoustic wave "liter devices including a 



plurality of interdigitai transducers (121-3) 
formec in a direction in wnich a surface acoustic 
wave propagates, and reflectors (124-5) ais- 
pcsed such that they sandwich the plurality of 
interdigitai transducers thereoetween: 
a fourth surface acoustic wave filter device 
(IGd) formed on the piezoeiectrc substrate and 
including a plurality of interdigitai transducers 
(122,123,128) formed in a direction in whicn a 
surface acoustic wave propagates, and reflec- 
tors (126-7) disposed such that they sandwich 
the plurality of interdigitai rransducors therebe- 
tween, transmission phase characteristics of 
said fourth surface acoustic wave filter device 
(1 04) being 1 80° out of phase with transmission 
phase characteristics of said nrst, second, and 
third surface acoustic wave filter devices 
(101-3); 

an unbalanced terminal (111) for electrically 
connecting one terminal of a first group ob- 
tained by cascade-connecting said first and 
second surface acoustic wave filter devices 
(1 01 -2) in parallel to one termiinal of a second 
grouD obtained by cascade-connecting said 
third and fourth surface acoustic wave filter de- 
vices (103-4); and 

balanced terminals (112-3) for electrically con- 
necting the other terminal of the first group 
(101-2) in series to the other terminal of the sec- 
ond group (103-4), 

wherein the structure of the reflectors (126-7) 

of at least one (103-4) of said first through fourth 
surface acoustic wave filter devices ;s different from 
the structure of the reflectors (124-5) of the other 
surface acoustic wave filter devices (1 01-2). 

A surface acoustic wave filter apparatus according 
to claim 4, wherein the structure of the reflectors 
(124-5) of the first group (101 -2) 'S differentfrom the 
structure of the reflectors : 126-7) of the second 
group -.103-4). 



A communications appai^atus comprising the sur- 
face acoustic wave filter apparatus set forth ;n any 
one of 3iaims 1 to 6. 



6. A surface acoustic wave filter apparatus according 
■^5 to claim 4 or 5, wherein the structures of the reflec- 
tors (124-7) are different among said first through 
fourth surface acoustic wave filter cevices (101-4) 

in at least one of the number, the pitcn, the duty ra- 
tio, ana the thickness of electrode fingers of the re- 
50 f lectors. 
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FIG. 2 
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FIG. 3 
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FIG. 7 
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